ment, the expression level of PLC-b b1 decreased dose-dependently. On the other hand, there was no difference in the PLC-g g1 protein expression level between control and ER stress-loaded neurons. Overall, we demonstrated that ER stress decreases the expression of PLC-b b1, but not -g g1, in neurons.
The endoplasmic reticulum (ER) is an organelle that ensures correct protein folding and assembly by expressing numerous molecular chaperones in addition to regulation of the intracellular Ca 2ϩ concentration. 1) Under various conditions, such as glucose starvation, disturbance of intracellular calcium homeostasis, inhibition of protein glycosylation, and exposure to free radicals, unfolded proteins accumulate in the ER lumen, this process being called ER stress. It has been reported that neuronal death occurring in neurodegenerative disorders such as Alzheimer's disease and Parkinson disease originates in the ER. 2) Phospholipase C (PLC) is a key enzyme in the phosphoinositide signal transduction mechanisms, in which intracellular Ca 2ϩ mobilization from the ER is well known to be one of the important events, and is divided into three types (PLCb, -g, and -d), each of which has multiple subtypes, 3) especially, PLC-b1 and -g1 being demonstrated to play important roles in cell surviving signaling. [4] [5] [6] It is unknown whether PLC isozyme expression is affected by alteration of intracellular Ca 2ϩ concentration, while it is recently suggested that PLC may have additional roles in calcium signaling, particularly in the regulation of Ca 2ϩ entry into cells across the plasma membrane. 7) In mammalian cells, pharmacological inhibition of PLC blocks Ca 2ϩ entry into cells, even when the entry is initiated by a mechanism that does not involve activation of PLC or an increased level of inositol 1,4,5-trisphosphate. 8) Recently, Patterson et al. provided compelling evidence that PLC-g is essential for the activation of Ca 2ϩ entry into cells after stimulation of cell surface receptors. 9) On the basis of this evidence, it is reasonable to speculate that subjecting cells to ER stress, which disturbs intracellular Ca 2ϩ homeostasis, might result in altered expression of PLC isozymes. In particular, whether or not the expression profile of PLC-b1 and -g1 is changed in ER stress-loaded neurons is interesting, because their altered expression as cell survivalrelated molecules might contribute to the ER stress-induced neuronal death. However, there is no available evidence that the expression of these two PLC isozymes is affected by ER stress.
In this study, therefore, we examined whether the expression levels of PLC-b1 and -g1 changed in cultured neurons subjected to ER stress by treatment of tunicamycin (Tm), a protein glycosylation inhibitor, by which direct disturbance of Ca 2ϩ mobilization should be avoided differing from the case of other ones, such as thapsigargin and A23187.
MATERIALS AND METHODS
Cell Culture All experiments were approved by the Experimental Animal Research Committee of Kyoto Pharmaceutical University, and were performed according to the Guidelines for Animal Experimentation of Kyoto Pharmaceutical University. Primary cultured rat cortical neurons were prepared and cultured by the method reported previously using B-27 Supplement ® (Invitrogen, Carlsbad, CA, U.S.A.)-supplemented Eagle's minimum essential medium (EMEM; Nissui, Tokyo).
6) The medium was changed to fresh medium weekly and the cells were used at 14 d culture for all experiments, the cultured cells comprising 90% or more neurons, with a negligible amount of glial cells, as judged on immunostaining for microtubule-associated protein 2 and glial fibrillary acidic protein (data not shown).
6)
Tm Treatment To subject neurons to optimum ER conditions, we used the protocol suggested by Lin et al., for which Tm is used based upon its irreversible toxicity. 10) To neuronal cultures, 0.03, 0.3 or 3 mg/ml of Tm (Wako Pure Chemical Ind. Ltd., Osaka) was administered, followed by culturing in the culture medium for 20 h, and then the neurons were cultured for 24 or 48 h in fresh medium.
Cell Viability Determination After treatment, the MTT (3(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide; Dojindo, Kumamoto) assay was performed. 6) We
The endoplasmic reticulum (ER) plays a critical role in the maintenance of intracellular homeostasis and its dysfunction is thought to lead to neuronal death, which results in neurodegenerative disorders. Since phospholipase C (PLC) isozymes are involved in maintenance of the intracellular Ca 2؉ concentration by regulating Ca 2؉ release from the ER, their expression might be affected by ER stress. Of these isozymes, PLC-b b1 and -g g1, in particular, are known to protect cells from oxidative stress and thus alteration of their expression profile under ER stress-loaded conditions is interesting. Using primary cultured rat cortical neurons, we here examined whether expression of PLC-b b1 and -g g1 was altered in ER stress-loaded neurons induced by tunicamycin (Tm). In ER stress-loaded neurons treated with Tm in the range of 0.03-3 m mg/ml for 20 h, the viability of the neurons was decreased dose-dependently, the decrease being significant with 0.3 or more m mg/ml, and expression of the representative ER stress markers, GRP78/BiP, and cleaved caspase-3 and -12, was increased after 24 h postincubation, confirming the induction of ER stress in the neurons. In the ER stress-loaded neurons obtained on Tm treat
confirmed that the decrease in cell viability observed in the MTT assay was not caused by mitochondrial dysfunction, by comparison with the results obtained with the trypan blue exclusion assay. Immunoblotting Samples were prepared and then applied to sodium dodecyl sulfate-polyacrylamide gels at 20 mg protein using the method previously reported, 6) and then immunoblotting was carried out using antibodies against PLCb1 and -g1 (1 : 500; Santa Cruz Biotechnology, CA, U.S.A.), GRP78/BiP (1 : 10000; Stressgen Biotechnologies (SPA-826), Victoria, BC, Canada), caspase-3 (1 : 1000; Cell Signaling Technology (8G10), Beverly, MA, U.S.A.), caspase-12 (1 : 1000; Biovision (3182-100), Mountain View, CA, U.S.A.), and b-actin (1 : 10000; Sigma (AC-74) St. Louis, MO, U.S.A.). The membrane-bound horseradish peroxidaselabeled proteins were detected with an enhanced chemiluminescence detection system (Western Lighting TM Chemiluminescence Reagent; PerkinElmer, Wellesley, MA, U.S.A.). Protein bands reacting with the antibodies were detected on radiographic film (RX-U; Fuji Film, Kanagawa), and the integrated optical density of each band was measured with a scanning densitometer. The expression level of each protein was corrected as to the corresponding b-actin one.
Statistical Analysis Comparisons between two or more groups were performed by means of analysis of variance (ANOVA), followed by Fisher's PLSD test, differences with a p value of 0.05 or less being considered statistically significant.
RESULTS
First, we determined the experimental conditions for ER stress with Tm in primary cultured neurons. After neurons had been treated with 0.03, 0.3 or 3 mg/ml of Tm for 20 h, they were cultured in fresh medium for 24 or 48 h. Although there was no change in the viability of the 24 h postculture neurons, there was a dose-dependent decrease in the viability of the 48 h ones (Fig. 1) , these results being almost comparable with those of Lin et al. 10) Next, the expression of well-known ER stress-responsive proteins was evaluated. As shown in Fig. 2 , the expression of GRP78/BiP, 1) and cleaved caspase-3 11) and -12 12) was increased with increasing Tm concentration after 24 h postculture, the same results being obtained after 48 h postculture (data not shown), while there was no apparent change in the expression levels of procaspase-3 and -12. These findings demonstrated that neurons suffered ER stress under these conditions.
With 24 h postculture, expression of the PLC-b1 protein decreased with the Tm treatment dose-dependently, the decrease in the level being significant with the dose of 3 mg/ml (Fig. 3A) , while PLC-g1 protein expression in the ER stressloaded neurons was almost the same as that in the control ones (Fig. 3B) . 720 Vol. 31, No. 4
Fig. 1. Effect of Tm Treatment on the Viability of Primary Cultured Rat Cortical Neurons
After neurons had been treated with the indicated concentrations of Tm for 20 h, they were cultured in fresh medium for 24 (A) or 48 (B) h. Thereafter, an MTT assay was performed. Each column represents the meanϮS.E. of three independent experiments. * pϽ0.05 (vs. Tm 0 mg/ml).
Fig. 3. Effect of Tm Treatment on Expression of PLC-b1 and -g1 in Primary Cultured Rat Cortical Neurons
After neurons had been treated with the indicated concentrations of Tm for 20 h, they were cultured in fresh medium for 24 h. Thereafter, Western blotting was performed. Each column represents the meanϮS.E. of the quantitative results for each blot in three independent experiments, representative blots being shown at the tops of the graphs.
* pϽ0.05 (vs. Tm 0 mg/ml). 
DISCUSSION
In this study, we used Tm, with which protein glycosylation is irreversibly inhibited and unfolded or abnormal proteins are accumulated, to induce ER stress in cultured neurons. With the protocols used in this study, the increased expression of GRP78/BiP, an ER-resident chaperone, 1) and cleaved caspase-3 and-12, ER stress-activated caspases, 11, 12) clearly indicated that ER stress was induced in the neurons. Under these conditions, PLC-b1 expression decreased in the ER stress-loaded neurons, this being the first demonstration that PLC-b1 responds to not only oxidative stress but also ER stress.
Previously, we indicated that PLC-b1 is an oxidative stress-responsive protein, and that its increased expression protects neurons from oxidative stress damage. 9, 13) Chronic exposure of cells to ER stress is known to induce the accumulation of reactive oxygen species (ROS), 14) and thus there was a possibility that the decreased level of PLC-b1 expression might be due to oxidative stress resulting from ER stress-induced ROS accumulation. In fact, Suzuki et al. reported that an antioxidant, norbergenin-11-caproate, prevents the decrease in cell viability induced by Tm without any effects on the increased expression of GRP78/BiP. 15) Throughout the experiments in this study, we used B-27 Supplement ® , which contains antioxidants such as vitamin E, superoxide dismutase, catalase and glutathione, and thus ROS generated due to the Tm treatment was considered to be scavenged by these constituents. Therefore, we think that the decreased expression of PLC-b1 observed here was induced by ER stress, although the molecular mechanism underlying the decreased expression of PLC-b1 in the Tm-treated neurons should be clarified in more detail.
For another oxidative stress-responsive PLC isozyme, PLC-g1, its expression level was not affected under the stress-loaded conditions used in this study (Fig. 3) , suggesting that PLC-g1 exhibited a different expression profile in ER stress-loaded neurons compared to in the case of PLCb1. While PLC-b1 and -g1 are suggested to be protective molecules as to oxidative stress, 4, 5) it has been demonstrated that PLC-g1 is overexpressed in some human tumors and induces tumors after injection into nude mice, [16] [17] [18] and plays important roles in Ca 2ϩ entry via plasma membrane receptors. 9) Although the two isozymes protect cells from oxidative stress, PLC-g1 might play an other role in cell proliferation and show a different response to ER stress.
In conclusion, it was found that the expression of PLC-b1, but not -g1, is decreased in ER stress-loaded neurons, suggesting possible involvement of decreased PLCb1 expression to neuronal death caused by ER stress.
